
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Attorney's Docket No.: 14883-031001 / M1-808PCT-US 



Applicant 
Serial No. 



: Toshio Sone 
: 09/308,027 



Art Unit : 1644 
Examiner : P. Huynh 



Filed : August 16, 1999 

Title : PEPTIDE-BASED IMMUNOTHERAPEUTIC AGENT 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



This submission is in response to the Office Action mailed March 2, 2005 (copy enclosed), 
regarding an Information Disclosure Statement (IDS) filed after the issue fee was paid (on January 27, 
2005). The Office Action and Examiner Huynh (in a telephone conversation with Applicant's 
undersigned representative on March 14, 2005) indicated that, despite acknowledgement of its receipt by 
the U.S. Patent and Trademark Office (USPTO) by return postcard, she did not receive a copy of the 
reference listed in a PTO Form 1449 submitted with the IDS. Applicant hereby resubmits copies of the 
IDS, the PTO Form 1449, and the reference listed in the PTO Form 1449. Also enclosed is a copy of the 
above-mentioned return postcard stamped received by the USPTO on January 31, 2005. 

Please accept these papers as part of the record in this patent application. 



Fish & Richardson P.C. 
Citigroup Center - 52nd Floor 
153 East 53rd Street 
New York, New York 1 0022-46 1 1 
Telephone: (212)765-5070 
Facsimile: (212)258-2291 

30224190.doc 



RESPONSE TO NOTICE OF INCOMPLETE RESPONSE 




Stuart Macphail, Ph.D., J.D. (Reg. No. 44,217) 



CERTIFICATE OF MAILING BY FIRST CLASS MAIL 



I hereby certify under 37 CFR § 1.8(a) that this correspondence is being deposited 
with the United States Postal Service as first class mail with sufficient postage on 
the date indicated below and is addressed to the Commissioner for Patents, P.O. 
Box 1450, Alexandria, VA 22313-1450. 




Signature /J 
Marvann W h ite 



Typed or Printed Name of Person Signing Certificate 




United States Patent and Trademark Office 



SxM 



UNITED STATES DEPARTMENT OF c5mMERCE 
United States Patent and Trademark Ofllce 

Address; COMMISSIONER FOR PATENTS 
P.O. Box 1450 

Alexandria. Viigjnta 223 13-1450 
www.iispto.gov 



APPUCATION NO. 



FILING DATE 



FIRST NAMED INVENTOR 



ATTORNEY DOCKET NO. 



CONRRMATION NO. 



09/308,027 



08/16/1999 



7590 



03/02/2005 



janis k fraser 

FISH & RICHARDSON 
225 FRANKLIN STREET 
BOSTON, MA 021102804 



TOSHIO SONE 



14883-031001-M1-808PCT-US 



5615 



EXAMINER 



HUYNH. PHUONG N 



ART UNIT 



PAPER >ajMBER 



1644 

DATE MAILED: 03/02/2005 



Please find below and/or attached an Office communication concerning this application or proceeding. 



- 8 



RECEIVED 

MAR 07 2005 ■ 



PTO-90C (Rev. 10/03) 



I 



UNITED STATES DEPARTMENT OF COMMERCE 

U.S. Patent and Trademark Office 

Address: COMMISSIONBR FOR PATENTTS 
P.O. Box 1450 

Alexandria, Viiginia 22313-1450 



APPLICATION NOJ ' 


FILING DATE 


FIRST NAMED INVENTOR/ 


AHORNEY DOCKET NO. 


CONTROL NO. 




PATENT IN REEXAMINATION 






EXAMINER 



ART UNIT 



PAPER 



02242005 



DATE MAILED: 



Please find below and/or attached an Office communication concerning this application or 
proceeding. 



Commissioner for Patents 

Applicant's information disclosure statement of 1/31/05 was filed after the issue fee was paid. Information disclosure statements filed 
after payment of the issue fee will not be considered, but will be placed in the file. However, the application may be withdrawn from 
issue in order to file a request for continued examination (RCE) under 37 CFR 1.1 14 upon the grant of a petition under 37 CFR 
1 .3 1 3(c)(2), or a continuing application under 37 CFR 1 .53(b) (or a continued prosecution application (CPA) under 37 CFR 1 .53(d) if 
the CPA is for a design patent and the prior application of the CPA is a design application) upon the grant of a petition filed under tiie 
provisions of 37 CFR 1.313(c)(3). Alternatively, the other provisions of 37 CFR 1.313 may apply, e.g., a petition to withdraw the 
application fi*om issue under the provisions of 37 CFR 1.3 13(c)(1) may be filed together with an unequivocal statement by the 
applicant that one or more claims are unpatentable over the information contained in the statement. The information disclosure 
statement would then be considered upon withdrawal of the application from issue under 37 CFR 1 .3 1 3(c)( 1 ). 

Further, the information disclosure statement filed 1/31/05 fails to comply with 37 CFR 1.98(a)(2), which requires a legible copy of 
each U.S. and foreign patent; each publication or that portion which caused it to be listed; for each cited pending U.S. application, the 
application specification including the claims, and any drav^ng of the application, or that portion of the application which caused it to 
be listed including any claims directed to that portion and all other information or that portion which caused it to be listed. It has been 
placed in the application file, but the information referred to therein has not been considered. 

Any inquiry concerning this communication or earlier communications from the examiner should be directed to Phuong Huynh 
"NEON" whose telephone number is (571) 272-0846. The examiner can normally be reached Monday through Friday from 9:00 am 
to 5:30 p.m. A message may be left on the examiner's voice mail service. If attempts to reach the examiner by telephone are 
unsuccessfiil, the examiner's supervisor, Christina Chan can be reached on (571) 272-0841. The IFW official Fax number is (571) 
273-8300. 



Any information regarding the status of an application may be obtained from the Patent Application Information Retrieval (PAIR) 
system. Status information for published applications may be obtained from either Private PAIR or Public PAIR. Status information 
for unpublished applications is available through Private PAIR only. For more information about the PAIR system, see http://pair- 
direct.uspto.gov. Should you have questions on access to the Private PAIR system, contact the Electro^ Business Center (EBC) at 
866-217-9197 (toll-free). 




Phuong N. Huynh, Ph.D. CHhISTIMA CHAN 

Patent Examiner SUF^F: wSORY PMEH EXMSMER 

February 24, 2005 TFCi V^iOLGGY GETTER 1 800 



PTO-90C (Rev.04-03) 



Sheet 1 of 1 



^bgtiti4j^^^ PTO-1 449 U.S. Department of Commerce 


Attome/s Docket No. 


Application No. 


^SmsSSp'^ Patent and Trademark Office 


14883-031001 


09/308,027 


Information Disclosure Statement 


Applicant 




by Applicant 


Toshio Sone et al. 




(Use several sheets If necessary) 


Filing Date 


Group Aft Unit 


(37 CFR §1.980))) 


August 16, 1999 


1644 



U.S. Patent Documents 


Examiner 
iniiiai 


Desig. 


Document 

Kli imKar 


Publication 




Class 


Subclass 


Filing Date 
If AoDroDriate 




AA 
















AB 
















AC 
















AD 
















AE 
















AF 
















AG 
















AH 
















Al 
















AJ 
















AK 
















Foreign Patent Documents or Published Foreign Patent Applications 


Examiner 
Initial 


Desig. 
ID 


Document 
Number 


Publication 
Date 


Country or 
Patent Office 


Class 


Subclass 


Translation 


Yes 


No 




AL 


















AM 


















AN 


















AO 


















AP 

















( 


Other Documents (include Author, Title. Date, and Place of Publication) 


Examiner 
Initial 


Desig. 
ID 


Document 












poUcn for f-cell immunity" Allergy, 51(9):62r-632 riW6J " 




AR 






AS 






AT 





Examiner Signature^ > 

P>-U A). yU-- 


Date Considered / /' 


EXAMINER; Initials dtatjon-cpnsidered. pr^w line through dtation if not in conformance and not considered. Include copy of this fomi with 
next communication /to appticanL / 


Vi /■ 


Substitute Disclosure Form (PTO-1449) 



Attorney's Docket No. 
14883-031001 


Express Mail Label No. 


Mailing Date 
January 27, 2005 


For PTO Use Only 

Do Not Mark in This Area 


Application No. 
09/308,027 


Filing Date 
August 16, 1999 


Attorney/Secretary Init 
SXM/myw 




I itle of the Invention 

PEPTIDE-BASED IMMUNOTHERAPEUTIC AGENT 


[ JAN 3 1 2W6 Sj 


Applicant ~ 
Toshio Sone et al. 


Client Reference No. 
M1-808PCT-US 


Enclosures 

•Information Disclosure Statement ( 1 page) 
•Form PTO- 1449(1 page) 

•Documents listed on the Form PTO- 1449 ( 1 document) 















0004366502 JAN25 2005 
MAILED FROM ZIP CODE 101.1 



Stuart Macphail, Ph.D., J.D. 

Fish & Richardson P.C. 

Citigroup Center 

52nd Floor 

•153 East 53rd Street 

New York, New York 10022- 

4611 



i„.iiil,uH..».l.i..y.).,yi.,..,ii..,}ii.ini>i.ni.i.} 




Attorney's DocketW: 14883-031001 /M1-808PCT-US 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant 
Serial No. 
Filed 
Title 



Sone et al. 
09/308,027 
August 16, 1999 

PEPTIDE-BASED IMMUNOTHERAPEUTIC AGENT 



Art Unit : 1644 
Examiner : P. Huynh 



MAIL STOP ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

INFORMATION DISCLOSURE STATEMENT 

Applicants submit the reference listed on the attached form PTO-1449. The reference 
was cited in the Korean application corresponding to the present application in an Office Action 
mailed December 21,2004. 

This statement is filed under 37 C.F.R. § 1 .97(i). Please apply any charges or credits to 
Deposit Account No. 06-1050. 

Respectfully submitted. 




Date: 



Fish & Richardson P.C. 

Citigroup Center 

52nd Floor 

153 East 53rd Street 

New York, New York 1 0022-46 1 1 

Telephone: (212) 765-5070 

Facsimile: (212)258-2291 

30217414.doc 



Stuart Macphail, Ph.D., J.D.\ 



Reg. No. 44,217 



CERTIFICATE OF MAILING BY FIRST CLASS MAIL 

1 hereby certify under 37 CFR §L8(a) that this correspondence is being 
deposited with the United States Postal Service as first class mail with 
sufficient postage on the date indicated below and is addressed to the 
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

January 27. 2005 

Date of Deposit 



Signature 



Deposit yf J /? 

K 0 



Marvann White 



Typed or Printed Name of Person Signing Certificate 



• 


• 


Sheet 1 of 1 


'^E^jj4ijte Form PTO-1449 U.S. Department of Commerce 
' ^o^e^ Patent and Trademark Office 


Attome/s Docket No. 

14883-031001 


Application No. 

09/308,027 


^ O information Disclosure Statement 

^ ' I " ■ 1 m kiwi 1 %^ 1^ wi%^ w VII w &w 1 ■ 1 w 1 1 » 

2 2 TUB y by Applicant 


Applicant 

Toshio Sone et al. 


Jy (Use several sheets if necessary) 


Filing Date 


Group Art Unit 


/3jLG^|^ .98(b)) 


August 16, 1999 


1644 



U.S. Patent Documents 


Pv dm in or 

CAdi 1 III ICI 

Initial 


r^ocin 
L/coiy . 

ID 


u/wUUI 1 ICI 11 

Number 


■ UUIILrallUI 1 

Date 


Patentee 


Class 


Subclass 


riiiny Uai6 
If Appropriate 




AA 
















AB 
















AC 
















AD 
















AE 
















AF 
















AG 
















AH 
















AI 
















AJ 
















AK 















Foreign Patent Documents or Published Foreign Patent Applications 


Examiner 
Initial 


Desig. 
ID 


Document 
Number 


Publication 
Date 


Country or 
Patent Office 


Class 


Subclass 


Translation 


Yes 


No 




AL 


















AM 


















AN 


















AO 


















AP 

















( 


Dther Documents (include Author, Title, Date, and Place of Publication) 


Examiner 
Initial 


Desig. 
ID 


Document 




AQ 


Hino et al., "Immunodominance of seven regions of a major allergen, Cry j 2, of Japanese cedar 
pollen for T-cell immunity" Allergy, 51(9):621-632 (1996) 




AR 






AS 






AT 





Examiner Signature 


Date Considered 


EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with 


next communication to applicant. 




Substitute Disclosure Fomn (PTO-1449) 



18039301 



Miiivt lit UK- ilW flgittx rnrriTti 



ALLERGY 



Immunodominance of seven regions of a 
major allergen, Cry j 2, of Japanese cedar 
pollen for T-cell immunity 



HoshJguchI S, Hino K, Tahiguchi Y, Kmimoio M, Fukuda K, Ohyams M, 
Fujiyoshi T, Sonoda S, Nishimura Y. Yamada Sugimura X. 
Immunfjdommance of seven regions of a major allergen. Cry j 2, of Japajiese 
cednr pollen for T-ce?I iminunily. 
Allcrfiy ] 996i 5 1 : 62 1-632. © Munksgaard 1 996. 



Xhe Immuoodominan[ regions of ihc Japanese cedar pclien ^(Ic'fgon Cry J 2 
for T-ccIl immunity were determined with whole peripheral blood 
lymphocyicj (PBLJ derived from seven allergic patients and ihrcc 
DOnailcrgic subjects. Cry j 2'5iimulaied T-<:eU prolifefiilion was irthibiicd by 
ftnli-HLA-DR. but not by anti-HLA-DQ antibody^ indicating lhal the 
rcfiponding T cctls recognized ihe allergen peptides associated with HLA- 
DR.moltJCulcs. U wast found that seven regions of Cry j 2. i.e-, regions 
corresponding to iimino acid numbers l-:26. 70-84. 151-167, lfi7-203, 252- 
27V, 2S3-3t4. and 345-362, were immunodominani for T^ccH proliferation. 
Thus. Cry j 2 bears a limited number of immunodominanl regions despite 
polymorphic feniurcs of HLA-DR in the immune system. This suggests the 
possibility of molecularly designing Cry j 2 antagonists that could 
dcwnrcgulaic allergic reactions lo Jup^ncse cedar pollen.. 
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Allergic responses lo Japanese cedar {Crypinmcria 
Japonka) pollen are to a very liargc extent directed 
toward two componexits» the Cry j 1 and Cry j 2 
allergens, as measured by IgE reactions These two 
major aUcrg^ns have been isolcited (i. 2), and the 
primary amino acid sequence have recently been 
clarified by molecular cloning (3, 4), 

Recent studies have demonsiratcd ihot partial 
alteri-ilioTi of the amino acid sequence of T-ccll 
epitopes induced a stimulatoiy signal that was 
qualitatively different (5-8)_ it is conceivoble thai 
immunotherapy using peptides representing domi- 
nant T-ccll epitopes could modulat(ft the T-ccH 
r^t^spunse of ollcrgic patients and therefore prevent 
the production of IgE antibodies at Ihc earliest 
stage. 

In this study, we determined the T-cell epitopes 
of Cry j 2 by using cnzymc-digcstcd Cry j 2 
fragments, and then chemically synthesizing the 



oligopeptides. Peripheral blood lymphocytes 
(PBL) derived from patients with pollinosis and 
from healthy donors were used in this system to 
investigate the response of bulk populations of 
CD4* T cells in comparison with that of a selected 
number of amigcn-spcdfic T-cell clones. This could 
provjde important information for developing 
immunotherapy using allergen peptides. 

Here we demonstrate first that both allergic and 
nonallcrgic subjects display T-ccll reactivity toward 
a limilcd number of T-cell epitopes of the allergy 
protein Cry j 2, and, second, that seven regions are 
prominent in the immunologic potency of Cry j 2 
in spite of HLA-DR polymorphism. This may be 
attributed lo the combined effects of amino adds 
in immunodominant epitopes which arc responsi- 
ble for binding to HLA class il molecules and T- 
cel] receptors in the bulk population of T cells in 
the periphery (7. 8), 
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Htt^higuchi ct al. 

Thus,;? nunnbcr of Immunodominant Cry 

j 2 epitopes may lead lo n oiolccular design of (he 
Cry j 2 aniagonisl thai could downrcgulf^ic ihc 
ullcrgic reaction lo Japanese cedar pollen. 



Material and methods 

P(ith*nts ami conrrok 

Nine polIino$is palients and three nonallcrgic 
donors were studied during the allergy sciison 
{Fcbru;;\ry-"May). These dcnors were sefected on 
Ihe basi:; of clinical ex<iminatjon. routine skin prick 
icsLs. nas^il provocaiion (csls. and eosinophil stain- 
ing of naital smears. HLA class I (A. 6, C) and class 
II (DR) ariiigens were typed by the microcytoiox- 
icity tcfit using defined anti-HLA anliscra. as pre- 
viously described (9) For the terminology of the 
HLA'DR, DO alleles were used according to the 
WHO Nomenclature Committee (10), HLA class 
II alleles were genoiypcd by the SMITTEST system 
(Sumitomo Mc(nl Industries* Tokyo, Japan) biised 
on xht polymerase chain rcaclion - restriction 
frfigmeni length polymorphism (PCR-RFLP) 
method (11. 12). Briefly, high-molccular-wcigh! 
genomic DNAs from PBL were prepared by pro- 
teinase K digestion and phenol/chloroform cxirac- 
Itpn, af* previously defscHbod (13)- The Second 
cxons of the DRBJ and DOBl gcneA were selec- 
tively amplified by PCR with group-^spccific prim- 
ers for 3()-35 c>T]es consisting of 1 niin at ^4*0, 
1 mift at 5.i-^2*'C. and 1 min al 72"C A volume of 
10 \x] of the PCR pfoducL^i was digested with a set 
of allcle-spccific rcslrieiion endo^ucUatJcs and was 
subjected to electrophoresis in 10% polyacryla- 
midc gels lo delcntiinc ihe RFLP paiierns of the 
HLA class I I nllelcs.The results of the HLA typing 
arc shown In T^ble I. 

Purificarhn of Cry j 2 und enzyme'tli^t^stttd Cry j2 

Cry j 2 protein was isolated from a Japanese cedar 
pollen extract by affinity chromatography using a 
monoclonal antibody specific for Cry j 2. rrAb N26. 
Partial digcsiion with Vfi pruleasc (fnwn STapftylo- 
cvcctis; Sigma. St Louis. MO, USA) or lysylcndo^ 
peptidase (from Acromobacton Scikagaku Co., 
Tokyo, Japan), and high-performance liquid chro- 
matography fHPLC) purification of peptide frag^ 
mcnts were performed (Fig. 1), as previously 
described (3), The amino acid sequence was dcicr- 
mined on a protein <:equcnct:r (-model 473 A, 
Appiict^ Biosystems. Foster City, CA, USA). 
Regarding the peptide fraction, the purity of Ihc 
nmino acid sequence was estimated ai about 90% 
unless otherwise described. In the amino acid 
sequence described by Namba el al* (3), no. 51 is 
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labeled serine. In ihis study, that serine has been 
designated as no. 1, 



Feptufe synthesis laid dturaaenzation 

A SCI of 94 overlapping 14-mcr peptides spanning 
the entire length of Cry j 2 was synthesi;^ed on 
polyethylene rodvS (pins) by the muUipin technique 
(Chiron Mimotopes Pty. Lid, Viciorin, Australia), 
as previously dc^xtibed (14), the peptides over- 
lapped each other by 10 rcsiduesL Reverse-phase 
HPLC and amino acid composition analyses 
showed the purity of the prepaniiion lo be 60-70% 
Several immunodominant peptides were synthe- 
sijied U'ith Peptide $ynih^si<;er, 905(}-plu8 (Midi- 
pore, Bedford, MA, USA) and purified by reverse- 
, phase HPLC using u C18 column (19x150 mm, u 
Bondaspherc, 5 p* C18 tO()A, Waters chromatogra- 
phy, Marlboro. MA. USA) under a lO-^SOH^. gradi- 
ent of acetonilrilc in 0.1% Trifluoroaccllc acid in 
water, ai a flow rate of il) ml/min. as described by 
us prcvjOu.^ly (3. 15), The amino acid sequence was 
verified on n model 473 A pnjicin sequencer 
(Applied Biosystems* Foster City, CA. USAJ. 



T'Cell proitferuiion assay 

To examine Tcdl proliferation, PBL (6x l(H/ wclJ) 
were cultured in triplicate in 96-well, round^bot- 
tomcd plates (Corning, Inc. Corning. NY, USA) in 
2tK) ^,1 RPMI-1640 medium (ICN Biomedicals Inc, 
Cosla Mesa, CA, USA) supplemented with 7.5% 
ht;at-in;iciivated AB human serum (Bioccll, Car- 
son, CA, USA), UW) U/ml penicillin, and 1(X) M,g/ 
ml streptomycin and 2-mercaploethanol (4x l(r* M) 
and were stimulated with Cry j L Crv j 2 (al jxM), 
or PPD (0,3 ^tg/rni, Nippon BCG. Tokyo. Japan). 
Cell proliferation was monitored by the addition 
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Retention time (min) 

<?C HPLC puriiication of cnzymc-digesifed Cry j 2. A) Lysylcndopcptidasc-dlECjlcd Cry j 2. B) V8 protca:tc* 



of ^H-lhymidmc (0,5 |i.Ci per well, Amersham, St 
Louis, MO, USA) daring the Jast 18 h of incuba- 
tion* aad its incorporation was measured on a 
liquid scintiUatton counter. Anti-HLA-DR (Hu-4: 
atlli'-HLA-DR framework mAb) and anti-HLA- 
DQ (mixture of three monocloiial antibodies: Hu- 
ll, anti-HLA-DQl mAb; Hu-18, anU-HLA-DQ3 
rnAb: and Hu-46, anti-HLA-DQ4 mAb) antibodies 
(ascites) were U5cd ro examine the MHC restriciion 
Of the response (J6), 

Flow cytometry anclysis 

Cytofluorographic analysis was done on an EPICS 
XL (Coulter, Hldcah. FL»USA) using phycocryth- 
rin-conjugated CDS (^fippon Becton-Dickinson, 



Tokya Japan) and fluoresccin-conjugated CD4 
artUbodics (Coulter Immunology* Tokyo, Japan), 

Enrichment ofCD4* T ceils 

Briefly, PBL were resuspcnded in phosphate- 
buffered saljne (PBS) containing 10% fetal calf 
serum (FCS) (10^ cells per 80 |xl of P8S/FCS), 
mixed with 10' ccJJs/20 ^1 of anti-CDS antibody 
MicTobeads (Miltcnyi Biotec GmbH, Bcrgisch 
Gladbach, Germany) and were incubated On ice 
for 30 min, ITic labeled cells were washed once 
with PBS/FCS and resuspended in ml PBS/ 
FCS before application to a MACS column 
(Miltenyi Biotec Gmbli, Bergisch Giddbach, 
Germany), The CD8-negattve fraction containing 
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^'^1 ^* T'Ccll pinplifcration in re^port&e lo JapCiricuc cedar poKcn ^llcrscn Cry] 2. PBL were ^tlTnuIulcd wilh varying doses of alTuiity- 
purlfied Cry j 2. T-ccll prolifenjiton was mcsniuifccJ each day by pulsing c^lls with 'H-bibcled ihymidinc, as desKcihed in Maicml 




Cryja None CDS C08/ CDB/ 

APC/CjyjE APC/ConA 



Group 

f/jf. T-ccll response (o Cry j2. 6X10^ PBU 6x10"' C04' cells. Q: 2x10* CD8* cells in presence or absence of 10 

Cyorradiatcd 4xio* PBL. Cell4 were sltmulaled sviih Cry j 2 or concanavaiin A (2.0 ^g/n^t)- Number ?bo^c solid hsf ititiicates 
mcon vaJuc (dpni) of triplicate cultures. 



ib^ non-CD8* T-cells was collected. This step was 
repealed twice lo ensure compJele CD8^ T- 
ecH depletion. Yields of the CD8*-d6plcled. 
CD4*-enr{chcd cell population were consisiently 
45-55% of the starting PBL. This h referred to as 
the CD4' cell population which contains less than 
2,0% CD8* cells. 



Results 

T<eli proUferaiion in response to Cry j 2 

To chBracierize the T-cell response to Cry j 2, PBL 
v^cre stimulated with ^^arying doses of HPLC- 
purified Cry j 2, ranging from 0.003 ftM {OJ jxg) 
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Ffe. ^. HLA^OR rcMdciion of Cry j 2.specific T-ceJI prollfer^iion. A) P8L from a Icrgk P^/*^"^^;" j^^^^^^ J^^^.^Ji 
from ftilCTfilc patient J. T (OnBt *0101/140fi)- PBL ..crc .cumulated with 03 ^g/ml FPa 0 1 >.M Ci^ j 2 in P^^^^^^^^^^^^^ 
oTnSiluiecl monoclone unM.iu control nomiiil mouse scrum. linti-DQ { mixture of """^S, ^"^^L"^ 

OR (^u^n^tl Venice! bars indicate Mnndard error (SE) of iripJicMe culiurej. Numbers «bovc solid bars indicate mean 
values of d!$ifHc£TaUons per minute (dpm) for triplicate cuHures of responses. 



to 0,3 \M (10 ng). As shown in Fig. 2, the optimal 
conccnirotion of allergens was 0.1 ^iM (3 ^.g/ml) 
(Fig. 2a), The proliferativo responses v^ere meas- 
ured by day 5 (Fig. 2b). Thereafter, the responses 
were assayed on day 5, To determine the lym- 
phocyte sxJbsets responding to Cry j 2, CDS ' cells 
v/i>re depleted from PBL by the magnetic separa- 
tion raeihod. CDS* ceU-depleicd PBL contains 
40% cells and less than 2% GD8" cells by 

flow-cytometry analysis. The CDS^ cell fraction 
contains 98% CDS* celJs and less than 2% CD4* 
cells. We tested one nonallergic and two allergic 
donofs. A representative result is presented in Fig- 
3. CP4* cells responded to Cry j 2 as well as PPD- 
In contrast, CD8* cells showed no proliferative 
response even in the presence of antigen- 
prescniing cells (APC), The APC supported the 
mitogenie response of CD8* cells to Con A, indir 
eating Iheir ability of antigen presentation. The 
rnagnJlude of the response of CD8* cell-depleted 
cells Avas almost the same a» that of whole PBL 
stimulated with Cry j 2. Vxt response to Cry j 1 
also showed the identical features (data not 
shown). When the HLA restriction was cvamincd 
in the seven allergic patients, these T-ccll prolif- 
erative responses were Inhibited more than 90% 
by the addition of anti-HLA-DR antibody, but not 
by anti-HLA-DO antibodies. Two representative 
patients, M, and J, X in F5g. 4, indicated that 
the responses were restricted by HLA-DR mole- 
cules. 



T-cell rcsponif^ W enzy^c-digestai Cry } 2 
fragments 

Cry j 2 was partially digested with lysylendo- 
peptidase (L) or V8 protease (V), in which 33 or 
30 fractions, respectively, were separated and tested 
for T'cell stimulatory activity (Hg. 1). We tixamined 
seven patients and two of the three nonallergic 
donors for anti-Cry j 2 T-cell response by stimulat- 
ing each fraction at a concentration of 6.5 \lM. 'the 
amino add sequences of all immunogenic fractions 
were also determined. It was noted that there were 
only a few fractions with prominent Immunodom- 
inance and that the magnitude of responses was 
generally smaller than that of the intact^ Cry j 2 
allergen (Fig. 5). We found five patients in whom 
one or two fractions showed prominent stimulatory 
effects (S, He. D,, M. H.. E- Y., and H. A, in 
Fig. 5). Table 2 summarizes these results. We ten- 
tatively defined a positive response as being at least 
threefold higher tha?ft a nonstimulated refipoinse. 
Potentially immunodominant fractions were ftir^ 
ther examined for their activities by dose-response 
Analysis. As shown in Fig. 6, the optimal concen- 
tration ranged from L8 to 10 nM which was 10- 
100 limes higher than required for stimulation with 
intact Cry j 2 (0.1 p.M). Wth lysylendopeptidase- 
digested Cry j 2, positive responses were obtained 
in LI, L23, and L25, Responses were hardJy 
detected in any fractions in the other patients 
tested. In the cases of V8 proiease-digesied Cry j 2, 
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1 5 10 \S '£0 2S 30 




1 5 10 IS 20 25 30 33 
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Fraction no. 

FiS^ J, Jmmunodoniinant fragments of cnzyme-dig^sied Cry J 2 )ft allergic and nonMkrjjic avbjircLs S. H. and H. A. arc nooallcffic 
donon without siWtzt&c sympioms. M. U, M. W., E- Y.. E N„ and M, Y- nrc allergic poticnts. Lwl: lysylcndopcplidafse-dlgcsUd 
Cry j 2: VH: protease-digcsicd Cry j 2. Vcrfical hnrs mdic:nc standard error (S6) of triplicate culturtrs. Numbers above solid 
haifif indicate mean values of dpoi of responses. 
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Tsblo 2. T>coll prorifsration in response to HPlCsiuftflfid ftniyme-ifiQested Cry j 2 frafim^nU 
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Ibbk 2 conr. T-celJ pfali/eratiim in resiionse to HPlC-puriflcd Rn7.vme-dipe5ted C*vi 2 irafif7»uats 



HIA-DH Stimulants' 



Donar fj^periiDAni Serology DNA typing (m^M) Sf^qticnct' % RasponSQ* Si' 



None 0{fiO7±1dfi) t.O 

13 65 IS3-198 42 3.3 

Crvia fill lOD 15 

PPD I5I3S7±S685| S3.e 

None 0(955i59) 10 



' Lys^cndnpopiidfffiC' And VB protease-digested trfifjmemfl ntt Abbreviated as I and /espcctrvfily C/y i 2tndtcstes imeci Cry j 1 PPO was used siOi (iug/mt. 
' PosHbn numbfer of Cry j ^ Bmhif} acid sequcnrc (3). 

' ^orcdnt fflSpoAse »{maan value of dpm dT eKperimentfil group - noan value ot dptn of nonstiniutated QrsupVmasn ralue of dpm of intact Cry j 2 - stimulsfed 
Qroup - ffiodn value of dpm of ncsnstimulated group} xlOO. 

* t\ • mean vbIub of dpm oT txperimentat ^roup/nivaa value tif dp(t« Of OOnBUmuiotcd ^roup. Responses were conrtrtned indcntfldCfVtly by (toCt-r^po(\se 
expemntnts 

' Number in psrcntheses fndfcolss dp«i>tSO of triplicate experiments. 

* Mixture of two Iragmenis^ 




Concentration (pM) 

% <^ Dose response of ifliact Crv j 2 and Cry j 2 peptide 
Response lo synthetrc pepiitfc (187-203} In j*h«wn, PBL were 
derived from pfilii:nt & PPO- induced response vas 
d7d$4±l9f)2 dpm. 



the response patterns were relatively more com- 
plex than those with lysylcndopepiidase. V23 (1- 
) 2/5-9) was pcsitzve in allergic donors E N. 
(DRBl -0405/0803) and M. Y (DR8/-}. L23 (70-84) 
was positive in allergic pailctils J. X (DRBl^OlOl/ 
1406) and M. D, (DR6/-) and in the nonaUergic 
donors. H. (DRB 1*0406/ 1 3 01 ). 1:25 (151-167) was 
positive in allergic patients M. H, (DRB 1*0405/-) 
and E. Y. (DRB 1*0405/1302), but negative in aller- 
gic patient K N. (DRBl ♦0405/0803). L9 (193--39S) 



was positive in noftallergic dpi^or S. H, 
(DRD 1*0406/1 301). V15 (252-264) was positive in 
flllergic donor M. Y. (DRS/.). V20 (265^279) was 
positive in allergic donor, M. H. (0405/-). V21 (283- 
293) was positive in 0ll<jTgic donors M. H. 
(DRB1*0405/-) and M. Y (DRS/-). who also 
showed responses to V26 (283-314). V27 (348- 
353) was positive in allergic psiionl M. (ORBl* 
0405/-)- LI (352-356) and VIS (348^353) were 
positive in nonallergic donor H. A. (E>RB1*0803/ 
0901), but negative in the other allergic patients 
tested. Fig. 7 shows the dose responses induced 
with the 1-12/5-9, 151-168, 252-279, 283-314, or 
34iS-356 peptides The amino acid sequences of 
V19, V25, V28, and V29 could not be determined 
due to their impurity. Both S. H. ^nd K T. were 
DRB1*0406/J3ni and nonaUergic donors, but a H. 
showed a response to three fractions whil^ N. T. 
showed no T-ccii prolifiiraiive response even to 
intact Cry j 2 (data not shown). 

Thus, there does not appear to be any correlation 
between the imtnunodominant fraction and the 
particular MHC class 11 type. Furthermore, there 
were cases in »^hich both allergic and nonallergic 
subjects responded lo the same fraction, suggesting 
the nonexistence of pariiculor diselateU fragments. 
There may. however, be a few disea^e^unrelatcd 
fragments such as LI (352-356), L9 (193-1 9K), and 
VI» (348-353). These results show that active 
fractions vary in each individual However, rela- 
tively restricted fractions exhibited T-cell stimula- 
tory activities 

T'Ceii respo/use to symhctic Cry J 2 polypeptide 

In parallel with the cxpcrimenls using enzyme- 
digested Cry j 2, PBL was stimulated with a set 
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7, Dose response of T-ccll proliferation induced with enzyme -di^esicd peptide tragniciiti A. D, E, F) PBL was derived from 
n.; was aeilved frtim Ji. u, u, i'lsL Witsi uerivetl ft uni H, A. 



of multipin synthesized oligopeptides 
covering the entire Cry j 2 sequence (B^. 8). A 
positive frncUon wfts tentfilivcly selected when 
the neighboring fracdons induced proliferation, 
although a single positive fraction could have 
been excluded. AlJergic patient J. T. exhibited a 
prominent immuoo-doTninance in fraction 73-86, 
Several other fractions showed >veakcr responses 
in the regions of 129-186 and 245-262. Nonallcr- 
gic donor S. H- responded to three fractions, 13- 
26, 73-86. and 193-206. The stimulatory activity 
of the 345-358 or 349-362 multipm peptides is 
shown in Fig. 9a. Since fractions prepared by the 
mulltpin method were about 60% pure by HPLC, 
these results were confirmed by dose-response 
experiments using reversed phase-HPLC- 
purLficd polypeptide preparations synthesized on 
a MHIiporc peptide synthesizer (over 98% 
purity). The proliferative responses mduced with 
the 187-203 or 69-85 peptides arc shown m Fig, 
9b. These results were consistent with those of 
enzyme-digested Cry j 2 fragments (Table 2 and 
Fig. 9), Table 3 shows the immunodominant 
regions of Cry j 2 and the amino acid sequence, 
respectively. 



Discussion 

To investigate the response pattern of bulk pop- 
ulations of CD4* T cells in comparison with a 
selected number of allergen-specific T-cell clones 
to the major allergen of Japanese cedar pollen 
(Cr>- j 2), PBL from allergic or nonallergic subjects 
were stimulated with a series of Cry j 2 peptide 
fragments lo measure T-cell proliferation in vitro. 
Not only pollinosis patients but also two nonal- 
Icrgic subjects with no pdllinosis symptoms 
showed remarkable T-cell proliferation in 
response to Cry j 2, All subjects were tested for 
Cry j 1- and Cry j 2-specific IgE anUbody titers in 
scrum by ELISA (17). These antibodies were not 
detected in non-allergiC Subjects (data not shown ). 
Tlie responding T cells were CD4*, but not CDS"" 
(Fjg. 3), suggesting that T cells activated by Cry j 
1 or Cry j 2 in either allergic or nonallcrgic 
subjects might be distinct and dose not simply 
correlated with allergic status. 

Seven allergic patients and one of the three 
nonallcrgic donors were tested for MHC 
restriction. The anti-Cry j 2 T-ccll responses in 
these cases were inhibited by the addition of anti- 
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Fijt. ft immUflOdrtminani Cry j 2 peptide* (14 mtir) Mynlhc^vcd by muUipin method Cry j 1 sequence number: sec Ref. X PBL 
were stimulated with 1-2.5 |xM (□), 23-5 ^i.M (■). 5-7 5 jiM (g^). or m-M (□) c»r *rACh peptide btrcjivse yield nf csch 

ffflciion varied aficr synthesis by muUipin mcihod. Percent rcsponsci see Tabic 2 fooinoics. Attcws indicate pOsUive rc^pon^cs 
connrmctJ bv dose-re^]5nns<: cxpcnmcnt<w Cr^- j Z-induccd tir nntiKtlmublcd response, 472Ail2^5 or df>ni i« L T. find 

177:ilt2l4nor7i543nt dpm in & H 
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f'/^. p. Uosc-rcsponsc experiment of chemically synthesized Cr>' j 2 pcpiidcs. ferccnt response: see Tabic 2 foomou. Number In 
porcnthcscj indicflics amino acid wqucocc numDcrs of Cry j 2. A) Peptide? prcpurcd hy multipin mcihod (A) and (AK PBL from 
hf Ail jlonsiimulRlcd response: t2R2 dpm. Cry j 2-stimuIoted fWpOB>k:r 4747 dpro, 8) Peptides prepared by peptide synthtfSiwr 
(tt), PBL from M. nonsiimurated response; «fK)dpm, Cry j 2-ittimvlatcd response- 5825 dpm PBL from SL H.; nnnstimuletcd 
response; (750 dpm. Cry J i^&iiniulaiwi response: 17546 dpuv 
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DR antibody, but not by anti-DO finlibody. indi- 
cating ihcSr HLA-OR restriaion (Fig. 4). 

Wic demonstrated that all subjecls with respon- 
siveness to Cry j 2, including allergic and nonaUef- 
gic donors, responded to very restricted regions of 
the allergen polypeptide regardless of HLA-DR 
haploiypcs (Figt 5)- jFurthermore, we did not find 
any disease-related T-<:cli epitopes. Ll^ L9, and 
V]S, which were identified as positive fragments in 
ponaflergic subjects, were pentamer/hcxaniers 
which appeared to be of minimum size in binding 
to the HLA-DR complex (18). These responses 
were cpnfinmcd by do$C-r$Sponse experiments. It 
IS unlikely that ihe contaminating peptides in these 
fractions induced the positive responses because 
ihe final allergen concentrations in the in vitro 
assay were estimated to be extremely low. LI (352- 
356) and V18 (348-353) arc included in a 14.mcr 
synthetic pcpiide (345-35S) which gave positive 
responses in H. A, (Fig. 9). Similarly, the L9 (193- 
198) sequence was included in a 14'meT synthetic 
peptide' (187-203) which Induced a positive 
response in S. H. (Fig, 9). there were also cases in 
which allergic and nonallergic subjects responded 
10 the same or overlapping peptide fragments (Tible 
2). This was dctcnnined with both enzjTOe-digestcd 
peptide fragments and chemically synthesized oligo- 
peptides wirh over 9S% purity. This phenomenon 
was previously reported in a study of the major birch 
pollen allergen Bet v U and in a study of the house- 
dust mite allergen Der p 1 (19, 20). 

Thus» t;iking the results of the en^yrae-digestcd 
fragments and the synthetic Ciy j 2 peptides collec- 
tively, seven major T<ell epitopes were identified in 



the Cry j 2 primary structure: l-26» lO-M, 151-168, 
1S7-203, 252-279, 283-314, and 345-362 (Table 3). 
Since M. H. showed a positive response lo V27 (348- 
3B3), but not to V18 (34^^353), there might be an 
additional sequence in the Oternjinal region. 

The proliferation of T cells is determined in two 
stages, i.e., the binding of T-cell epitopes to pariic- 
ular MHC class II moJccules, and the generation 
of T-ccll clones lo bind the presented peptide. The 
**wobbling" in epitope specificity is pcrmitied in 
both stages at the clonal T cell level. Thus, the 
response of the bulk population of T cells appears 
to reflect the mixed epitope spedfichies by the 
limited number of major T-ceU epitopes: 

Intact Cry j 2 required 0.1 (xM to rcftch the 
maximal response^ whereas the synthetic peptide 
fragment (6-17-mcr) required a 10-100-fold con- 
centration (I-IO p,M). Furthermore, the magnitude 
of the response induced with the peptide fragment 
was relatively small. The variation of the triplicate 
responses was larger than that of intact Cry j 2 in 
PBJL. These results imply not only a low frequency 
of anti-Cry j 2-3pccific T-ccll clones^ but also that 
there arc other minor epitopes in addition to the 
major epitopes demonstrated in this study These 
results suggest the sequential activation of Cry j 2- 
specifiC T-ccIl clones with different epitope speci- 
ficities, a process referred to as epitope spreading 
(21). Tl^c utilization Of APG expressing a higher 
level of MHC molecules (MHC gcnc-transfected 
cells or Epstein-Barr virus-transformed cells) may 
help 10 expand these minor T-cell populations /« 
vitro, although theif physiologic significance in the 
causation of allergy is uncertain. 
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A recent 5;tudy showed that T-cell proliferation 
does not necessarily correlate with the magnitude 
of int^rleukin (IL)-4 gene expr<;ssion that is 
directly involved in IgE antibody production (22). 
Since we surveyed T-cell proliferation in this study, 
there might be Cry j 2 peptides with low levels of 
activity forT<cll proliferation but showing immuno- 
dominonce for ILr-4 production. How^ever, In a 
study on allergen Fel d I from Fdis domesUcas. 
peripheral T-ccll tolerance to the entire molecule 
of Fel d I chain ] was attained in vlvu by subcut^i- 
ncous injection of two 27-mer synthetic peptides 
which did not contain al! the T-ccH epitopes of Fcl 
d 1 (23). 

Altering the TCR iigand with a peptide analog 
on functional APC sends a signal to T-ccll clones, 
resulting Inanergy (5, 6). Prevention or mitigation 
of the allergic reaction might be attained by ihe 
inflciivatlon of major epitope-recogni?.ing T-c^lJ 
populations in the early phase of the allergy As 
Cry j 2 bears a limited number of immunodominant 
regions, this feature might lead to the molecular 
dii-sign of a Cry j 2 antagonist that could down- 
rcgubic the allergic reaciion to Japanese cedar 
poiicn and make practical immunotherapy feasible. 
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